Objectives. A study was conducted to assess the prevalence of maternal syphilis and esti-
associated with congenital syphilis (9, 10) . Both the Centers for Disease Control and Prevention (CDC) and the World Health Organization (WHO) strongly recommend that all pregnant women, regardless of where they live, be tested for syphilis in the early stages of pregnancy or on the first prenatal visit (11, 12) . It is also recommended that they receive timely and appropriate penicillin treatment in the event they have serologic evidence of syphilis.
There is little published information on the prevalence of gestational and the incidence of congenital syphilis in the Caribbean nation of Haiti, especially in rural areas of the country. Available data from a CDC-sponsored syphilis seroprevalence study in [2003] [2004] determined that the overall gestational syphilis rate in Haiti was 3.7% (13) . A more recent study showed that the rate has remained high (3.6%) and that in one particular region of Haiti, Jeremie, an even greater proportion (6%) of pregnant women have serologic evidence of syphilis (4) . Two of the very few studies done on gestational syphilis in rural Haiti include those performed in the north central Artibonite region of Haiti (14, 15) . The studies show the gestational syphilis rates in that rural area of the island also to be close to 6% (14) . How gestational syphilis adversely affects Haitian women and their offspring in rural regions of the country has not been properly studied. This investigation was therefore designed to measure the prevalence of gestational syphilis in a region of rural Haiti and, more precisely, to determine pregnancy outcomes for women who have serologic evidence of gestational syphilis.
MATERIALS AND METHODS

Overview
We conducted a retrospective observational study in rural Haiti to determine the prevalence of gestational and congenital syphilis as well as the outcome of such pregnancies. Study outcomes were based on secondary data obtained from the Haitian Health Foundation's (HHF) rural public health and clinical databases. All study procedures were reviewed and approved by the HHF Research Review Committee and the Institutional Review Board at the University of Connecticut Health Center.
Study site
HHF is a nongovernmental organization with headquarters in Norwich, Connecticut, United States of America, and program offices, clinics, and rural public health programs based in Jeremie, Haiti. HHF began work in Jeremie in 1986 and has focused on providing high-quality maternal and child health care. HHF has clinics and a rural public health program, which have participated in sentinel CDC syphilis seroprevalence studies cited above. Prenatal services at HHF facilities include gestational syphilis testing and treatment.
HHF's rural public health program is based on a census and registration system that ensures that all members of communities are identified and provided with care. Currently, there are 104 villages in the census, with a total of 200 000 residents. Primary services are provided by community health workers (CHWs or agents de santé). CHWs are selected by their villages, trained in a governmentapproved curriculum, and supported and supervised by HHF through funding by private sources and the United States Agency for International Development. CHWs live in the villages, where they provide accessible preventive and curative care to 2 000-3 000 people. A key element of this census-based registration system is Public Health Active Census Tracking (PHACT), a computerized public health database. PHACT maintains household and individual information, including information about each individual, family unit, and household with a unique numeric identifier. Information housed in the database includes demographic information, socioeconomic indicators, immunization status, maternal and child weights, pregnancy history, prenatal care, birth outcomes, and child spacing.
Although HHF has conducted syphilis testing for many years, these results were only recently added to PHACT (2006) . Rural testing began in 2001 with a rapid treponemal assay (Determine-TP) (16) . This test takes 10-15 minutes, so women who test positive are able to receive the first dose of intramuscular penicillin treatment on the day of testing. The Determine-TP rapid test (Inverness, Waltham, Massachusetts, United States of America) has been validated in several studies as an appropriate screening tool for low-resource areas (17) (18) (19) (20) .
Rapid point-of-care syphilis testing during pregnancy has been studied in Haiti and has been shown to be very cost-effective (10) . The HHF treatment regimen at the time of this study was two doses of benzathine penicillin, 2.4 million units intramuscularly, given 8 days apart (see below for current treatment regimen). At the time of the second injection, affected women were asked to bring their partners for treatment to prevent reinfection.
Study procedures
A sample of five rural HHF villages included in the census was selected for the study. These localities were chosen based on two criteria: length of time associated with HHF and number of pregnancies in [2004] [2005] [2006] . One village was in Moron County, and the other four were in Jeremie County. These criteria were used to provide a representative sample of women from the HHF service area.
Paper prenatal records were collected for all women in the sample villages who were pregnant and delivered in [2004] [2005] [2006] . According to a comparison with the PHACT database, approximately 10% of the paper prenatal records could not be found because they were lost or destroyed. Syphilis test dates, results, and treatment were entered into PHACT for the 507 prenatal records that were located. Women with a known history of treated syphilis were to be excluded from the study; however, no women met this criterion.
Pregnancy outcome was established from existing records in the PHACT database. Additional verification was done by examining all available HHF death certificates and midwife reports for the study period. In addition, community health agent interviews for the villages were used to verify miscarriages, stillbirths, and neonatal deaths.
Case definition
For the purpose of this study, a woman was considered to have gestational syphilis if she had a reactive rapid treponemal test and no prior treatment for syphilis during the pregnancy. Congenital syphilis was defined according to CDC criteria (see Table 1 ) (21), which are based principally on maternal syphilis serologic status and whether the woman received appropriate treatment. Physical examination results were not available for infected infants because they are not routinely examined in the rural communities where they are delivered. Serologic nontreponemal assays (i.e., rapid plasma reagin (RPR)) and cerebrospinal examination were not routinely done for these infants.
Statistical analysis
The data were extracted from PHACT and analyzed in SPSS Version 12.0 (Chicago, Illinois, United States of America) using chi-square measures of association, two-tailed t-test for independent samples, and bivariate correlations. A value of P ≤ 0.05 was considered significant.
RESULTS
Demographics
The total population of selected villages ranged from 1 600 to 3 100, and the proportion of women of reproductive age ranged from 20% to 27%. A total of 507 women, ranging in age from 14 to 49 years, with a mean age of 28.6 years, were included in the study. Socioeconomic status of the women was represented by two house construction variables (number of rooms and roof type) using a previously validated scale (22) . Of the 507 women, 450 had socioeconomic data available. The number of rooms ranged from 1 to 5 with a mean of 2.5 (standard deviation (SD) 0.72); 66% of women had tin roofs, a marker of higher socioeconomic status, and the rest had thatched roofs. Most women (72.3%) indicated they had a mari, a Kreyol word that may mean legal marriage but more commonly means cohabitation with a male partner.
Gestational syphilis
Most women included in the study (81%, No. = 410) underwent serologic testing for syphilis. From this group, 31 (7.6%) had a reactive treponemal test. All women who had a positive test had evidence of treatment. There was no significant difference in gestational syphilis prevalence rates by village. Although 410 women were tested, clear documentation of the time during pregnancy when they were tested was available for only 350 (85% of those tested). On average, women were tested in the 25th week of pregnancy (SD 7.7 weeks). Only about 11% (No. = 38) of the 350 women were tested in the first trimester, another 60% (No. = 210) were tested in the second trimester, and close to 29% (No. = 102) were tested in the third trimester. The time in gestation when women were treated was available for only 24 of the 31 women who had a positive treponemal test. Two of the 24 (8%) were tested and treated during the first trimester, 46% (No. = 11) were tested and treated in the second trimester, and 46% (No. = 11) were tested and treated in the third trimester. Approximately 11% (No. = 37) of all pregnant women were tested within 30 days of delivery; 3 of them had serologic evidence of syphilis.
There was a significant relationship between adverse pregnancy outcomes and maternal syphilis status. Adverse outcomes included miscarriages, stillbirths, and neonatal deaths. All adverse outcomes were recorded as one variable in the data set and could not be separated for analysis. There were 6 adverse outcomes in the syphilis-positive group (19.4%) and 13 (3.4%) in the syphilis-negative group (chi square = 16.4; P < 0.0001). Figure 1 provides a summary of test results, treatment, and birth outcomes.
Congenital syphilis
We determined that 3 infants met the case definition of congenital syphilis out of 391 live births (Table 1) (21) . All 3 infants were born to women who tested positive for syphilis and were either inadequately treated or received treatment within 30 days of delivery. One of the three infants died at delivery, most likely as a result of congenital syphilis. On the basis of these numbers, we estimate that the congenital syphilis rate for rural Jeremie is approximately 767 cases per 100 000 live births. This rate is no doubt very high but grossly underestimates the magnitude of the problem, as many offspring likely die in utero before delivery.
DISCUSSION
This study demonstrates that a significant proportion of pregnant women in rural villages surrounding Jeremie have serologic evidence of syphilis. The seroprevalence rate is significantly higher than the established rate previously determined for the entire country (4, 13) . It is possible, but unlikely, that serologic evidence for syphilis represents infection with one of the nonvenereal endemic treponematoses, such as yaws. This uncertainty is plausible because venereal syphilis and the endemic treponematoses are serologically indistinguishable (23) . Although a global elimination campaign for yaws and other endemic treponematoses in the 1950s virtually eliminated the disease, there was a resurgence in some areas in the 1970s (24) . Unfortunately, little is known about the current prevalence of these diseases in Haiti. Endemic treponematoses, however, are not vertically transmitted (25) ; thus, one would not expect to see the relationship between adverse pregnancy outcomes and a positive treponemal assay found in this study if the high prevalence were due to one of the endemic treponematoses. Further research is needed to help elucidate the social, cultural, and epidemiologic factors that may contribute to the regional variations in prevalence.
This study also demonstrates a clear relationship between gestational syphilis and adverse pregnancy outcomes in this rural region of Haiti. It is possible that testing positive for syphilis may only be a marker for other factors that might influence pregnancy outcome, such as poor overall health, HIV status, and low socioeconomic status. However, it is likely that the relationship is causal, as
Lomotey et al. • Maternal and congenital syphilis in rural Haiti
Original research
TABLE 1. Centers for Disease Control and Prevention case definition of congenital syphilis
A case of congenital syphilis is defined as:
A condition affecting an infant whose mother had untreated or inadequately a treated syphilis at delivery regardless of physical findings in the infant An infant or child who has a reactive treponemal test An infant or child with any physical or other evidence of congenital syphilis Syphilitic stillbirth (stillbirth occurring to a woman with untreated or inadequately a treated syphilis) Source: Information taken from reference 21. a Inadequate treatment refers to any nonpenicillin therapy or penicillin given less than 30 days before delivery.
syphilis is known to adversely affect fetuses (6) . Though treatment of gestational syphilis significantly decreases the risk of adverse pregnancy outcomes, women with syphilis during pregnancy are 2.5 times more likely to have adverse outcomes than women who were not infected at any time during pregnancy, even after treatment (26) . A prospective cohort or case-control study controlling for variables such as HIV status and overall health might help to delineate this relationship more clearly.
Delay in initiating prenatal care is clearly a major barrier to reducing the rates of maternal and congenital syphilis in this area. Women in this study were found to enter prenatal care at an average of 23-25 weeks of gestation, which is much later than has been recommended by WHO (12) . Possible reasons for this delay are lack of knowledge about the need for early prenatal care, social and financial costs of leaving marketing or agricultural work to attend visits, desire to keep pregnancy a secret in early stages, and lack of confirmation of pregnancy. Of even greater concern, 11% of women in this study were tested within only 30 days of delivery. This circumstance is important because the highest risk for congenital syphilis, or syphilitic stillbirth, occurs when a woman is treated within 30 days of delivery (27) . More research is needed to understand the prenatal-care-seeking practices of rural Haitian women, and increased efforts are needed to educate women about the importance of early prenatal care.
The true magnitude of congenital syphilis has not been well documented in rural Haiti. The only congenital syphilis prevalence data available for rural Haiti are from studies in the Artibonite Valley, which showed a congenital syphilis rate of 550 cases per 100 000 (14, 15) . On the basis of our current findings, we estimate a rate of 767 cases of congenital syphilis per 100 000 live births, which clearly indicates that the disease represents a critical public health problem that remains underrecognized and undertreated in this population. As a result of this research, HHF has begun testing and treating all infants born to syphilispositive mothers as recommended by the WHO congenital syphilis elimination program (1, 5) . Testing at the urban HHF center in Jeremie uses a nontreponemal serologic test (RPR). Although the RPR assay likely yields many false positives (5), more specific treponemal tests generally have not been available in this lowresource setting. Treatment for syphilispositive infants consists of a single intramuscular dose of penicillin per the WHO protocol (5), unless the child is symptomatic-in which case the infant is referred to the local hospital. Because of the well-known effects of syphilis in pregnancy combined with the high percentage of women affected in rural Haiti, both governmental and nongovernmental organizations working in rural Haiti should develop programs to help decrease the burden of syphilis.
It is important to highlight that our study findings are limited for two important reasons. First, the relatively small sample size does not allow us to differentiate between the effects of gestational syphilis and other known contributing factors to negative pregnancy outcomes. This situation requires a prospective study and a multivariate analysis. Second, it is recognized that an important limitation of treponemal tests is that they can remain positive even after proper treatment for syphilis has been provided. Thus, someone previously treated for syphilis may be misdiagnosed as having a new, untreated case if only a treponemal test is used (16) . To address the latter, women in the HHF censused villages who have a positive Determine-TP rapid test are now being referred to Jeremie for confirmatory RPR and an HIV test. Such data were not available for this study.
The findings in this study have provided the basis for proposed changes in the HHF syphilis program and for developing recommendations for the Haitian Ministry of Public Health and Population (MSPP). Changes in the HHF syphilis program already include the initiation of testing and treatment of neonates born to syphilis-positive mothers and changing the treatment protocol for gestational syphilis of unknown duration in pregnant women from two doses of penicillin to three to be consistent with CDC treatment recommendations (11) . In addition, HHF is placing greater emphasis on increasing the percentage of women who are screened for syphilis and providing education about the importance of early prenatal care and early syphilis screening. Specific recommendations being made to the Haitian MSPP include the following: (1) to make universal gestational syphilis screening and 
FIGURE 1. Summary of test results, treatment, and birth outcomes
a Inadequate treatment refers to any nonpenicillin therapy or penicillin given less than 30 days before delivery (22) . b At the time of this study, all women in the Haitian Health Foundation (HHF) with a positive syphilis test were being treated with two doses of intramuscular benzathine penicillin 1 week apart. The Centers for Disease Control and Prevention recommends that all cases of primary, secondary, and early latent syphilis be treated with a single intramuscular dose of benzathine penicillin, while cases of tertiary and late latent syphilis should be treated with three intramuscular doses of benzathine penicillin given weekly (11) . The HHF procedure at the time of this study did not include clinical staging; all women were treated uniformly with two doses of penicillin.
treatment more accessible in rural Haiti by providing rapid syphilis tests or laboratory supplies for the RPR to rural dispensaries and to ensure there is a continuous stock of penicillin at all rural and urban clinics, (2) to initiate universal testing and treatment of neonates born to syphilis-positive mothers as recommended by the WHO Congenital Syphilis Elimination Campaign, and (3) to undertake national education campaigns about the importance of early prenatal care.
In conclusion, this study demonstrates that maternal syphilis is highly prevalent in the rural areas surrounding Jeremie, Haiti. This high prevalence combined with late entry into prenatal care results in poor pregnancy outcomes as well as a very high incidence of congenital syphilis. Clearly, maternal and congenital syphilis are underrecognized in this region of Haiti, and there is a need for increased program interventions and public education to reduce the burden of this preventable disease. Future studies should be done on a larger number of villages, examining risk factors for gestational syphilis, documenting barriers to early prenatal care by using ethnographic methods, and having more in-depth documentation of congenital syphilis.
Objetivos. Evaluar la prevalencia de sífilis materna y estimar la tasa de sífilis congénita en cinco poblaciones rurales cercanas a Jeremie, Haití. Métodos. Estudio observacional retrospectivo a partir de datos extraídos de la base de datos de salud pública de la Fundación Haitiana de Salud y verificada con los registros clínicos originales en papel, los certificados de defunción, los informes de las parteras y discusiones con los trabajadores comunitarios de salud. Los datos se analizaron mediante la prueba de la ji al cuadrado, correlaciones bifactoriales y la prueba de la t de dos colas para muestras independientes. Resultados. De las 410 mujeres sometidas a la prueba de sífilis, 31 (7,6%) resultaron seropositivas. La edad gestacional promedio al momento de la prueba fue de 25 semanas, lo que se correlacionó con la edad gestacional de entrada a la atención prenatal (23 semanas). Las mujeres que resultaron seropositivas durante el embarazo presentaron mayor probabilidad de tener un desenlace negativo de su embarazo que las mujeres que resultaron seronegativas (χ 2 = 16,4; P < 0,0001). La tasa estimada de sífi-lis congénita en la zona fue de 767 por 100 000 nacidos vivos. Conclusiones. La sífilis materna es frecuente en las zonas rurales de Haití, lo que combinado con la entrada tardía a los servicios de atención prenatal, contribuye a los desenlaces adversos de los embarazos y a la alta tasa estimada de sífilis congénita. Se requieren más estudios sobre la sífilis congénita y los hábitos de búsqueda de atención prenatal de las mujeres de zonas rurales de Haití para comprender el impacto de la sífilis materna en esta parte del país y mejorar el desenlace de los embarazos.
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